Somites sequentially form with a regular interval by the segmentation from the anterior region of the presomitic mesoderm (PSM). The expression of several genes involved in the somite segmentation is switched off at the transition from the anterior PSM to somites. Zebrafish Ripply1, which down-regulates a T-box transcription factor Tbx6, is required for the suppression of segmentation gene expression. However, the functional roles of the Ripply-mediated suppression of segmentation gene expression at the anterior PSM remain elusive. In this study, we generated ripply1 mutants and examined genetic interaction between ripply1/2 and tbx6. Zebrafish ripply1 −/− embryos failed to form the somite boundaries as was observed in knockdown embryos. We found that somite segmentation defects in ripply1 mutants were suppressed by heterozygous mutation of tbx6 or partial translational inhibition of tbx6 by antisense morpholino. We further showed that somite boundaries that were recovered in tbx6 +/− ; ripply1 −/− embryos were dependent on the function of ripply2, indicating that relative gene dosage between ripply1/2 and tbx6 plays a critical role in the somite formation. Interestingly, the expression of segmentation genes such mesp as was still not fully suppressed at the anterior PSM of tbx6 +/− ; ripply1 −/− embryos although the somite formation and rostral-caudal polarity of somites were properly established. Furthermore, impaired myogenesis was observed in the segmented somites in tbx6 +/− ; ripply1 −/− embryos.
A B S T R A C T
Somites sequentially form with a regular interval by the segmentation from the anterior region of the presomitic mesoderm (PSM). The expression of several genes involved in the somite segmentation is switched off at the transition from the anterior PSM to somites. Zebrafish Ripply1, which down-regulates a T-box transcription factor Tbx6, is required for the suppression of segmentation gene expression. However, the functional roles of the Ripply-mediated suppression of segmentation gene expression at the anterior PSM remain elusive. In this study, we generated ripply1 mutants and examined genetic interaction between ripply1/2 and tbx6. Zebrafish ripply1 −/− embryos failed to form the somite boundaries as was observed in knockdown embryos. We found that somite segmentation defects in ripply1 mutants were suppressed by heterozygous mutation of tbx6 or partial translational inhibition of tbx6 by antisense morpholino. We further showed that somite boundaries that were recovered in tbx6 +/− ; ripply1 −/− embryos were dependent on the function of ripply2, indicating that relative gene dosage between ripply1/2 and tbx6 plays a critical role in the somite formation. Interestingly, the expression of segmentation genes such mesp as was still not fully suppressed at the anterior PSM of tbx6 +/− ; ripply1 −/− embryos although the somite formation and rostral-caudal polarity of somites were properly established. Furthermore, impaired myogenesis was observed in the segmented somites in tbx6 +/− ; ripply1 −/− embryos.
These results revealed that partial suppression of the segmentation gene expression by Ripply is sufficient to establish the rostral-caudal polarity of somites, and that stronger suppression of the segmentation gene expression by Ripply is required for proper myogenesis in zebrafish embryos.
Introduction
In vertebrates, somites form as reiterated epithelial structures along the anteroposterior axis of the embryonic body and eventually give rise to segmental structures such as the vertebral column and axial muscle. During embryogenesis, the formation of somites occurs by segmentation of the anterior region of the undifferentiated presomitic mesoderm (PSM) with a regular spatiotemporal interval. The periodic formation of somite boundaries can be generally explained by the clock and wavefront model, which involves the interaction of two independent processes: temporal information derived from a clock and anterior-toposterior regression of the wavefront or determination front in the PSM (Hubaud and Pourquie, 2014; Oates et al., 2012; Saga and Takeda, 2001; Yabe and Takada, 2016) . When the posterior-to-anterior propagation of oscillations of the clock reaches the determination front, the temporal information provided by the clock is subsequently transformed into positional information leading to formation of the somite boundary.
In the past two decades, our understanding of the molecular mechanisms underlying the formation of somites has been extensively advanced. The periodicity of somite formation is controlled by the genetic clock in the PSM designated the segmentation clock (Hubaud and Pourquie, 2014; Oates et al., 2012; Saga and Takeda, 2001; Yabe and Takada, 2016) . In the PSM posterior to the determination front where cells are largely maintained in an undifferentiated state, several genes linked to the segmentation clock exhibit synchronized oscillatory expression. Several lines of evidence indicate that a negative feedback loop of Hairy/enhancer of splits (Hes or Her) transcriptional repressors function as a core oscillator with delayed transcriptional and translational regulations (Kageyama et al., 2012; Lewis, 2003) . On the other hand, in the anterior PSM, dynamic and sophisticated molecular events are initiated to translate the temporal information provided from the https://doi.org/10.1016/j.mod.2018.06.001 Received 5 April 2018; Accepted 2 June 2018
